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(54) RADIO COMMUNICATION APPARATUS AND RADIO COMMUNICATION METHOD 



(57) A target SIR value comparator 1 1 6 compares a 
target SIR value held by a target SIR value holder 110 
with a threshold value held by a target SIR threshold 
value holder 115, and sends a comparison result to a 
spreading code selector 117. The spreading code se- 
lector 117 sets a spreading code to be used by a com- 
munication terminal apparatus based on the compari- 



son result, and sends a set result to a frame structuring 
section 1 1 1 and despreader 1 04 as spreading code in- 
formation. The frame structuring section 111 sends 
transmission information having spreading code infor- 
mation added to a modulator 112. The despreader 104 
provides despread processing to a received signal using 
a spreading code recognized using spreading code in- 
formation. 



RADIO 
TRANSMITTER 




SPREADER 




MODULATOR 





111 



.102 



IMNSMSSKNRECae 
SIGNAL SEPARATOR 



t 103 



RADIO RECEIVER 



CO 

o 

00 

CM 
CO 



Q. 

LU 



0 



,104 



DESPREADER 



|— »SlR 



FRAME STRUCTURING 
SECTION 

-J 



T 



115 



,109 



TARGET SIR 
THRESHOLD 
VALUE HOLDER 



R COMPARATOR 



110 



116 



TARGET SIR VALUE 

COMPARATOR 
- 



RECBVBSBVAUIE 
EAMGSECTON 

T 



107 108 



TARGET SIR VAUJE 
HOLDER 

t 



,117 



COMMOTION 
QUALITY MEASURING 
SECTION 



RAKE COMBINER 



7 



105 



DEMODULATOR 
*106 



SPREADING 

CODE -4 
SELECTOR 



FIG. 1 



Printed by Jouve, 75001 PARIS (FR) 



EP1 182 803 A1 



1 

Description 

Technical Field 

[0001] The present invention relates to a radio com- 5 
munication apparatus for use In a mobile radio commu- 
nication system, and particularly to a radio communica- 
tion apparatus for use in a mobile radio communication 
system of CDMA (Code Division Multiple Access). 

10 

Background Art 

[0002] In conventional CDMA communication, an ap- 
paratus on a transmitter side (hereinafter referred to as 
transmitter's apparatus) performs spread processing *5 
using a spreading code with respect to an information 
signal, and transmits the information signal subjected to 
spread processing. An apparatus on a receiver side 
(hereinafter referred to as receiver's apparatus) per- 
forms despread processing using a spreading code with 20 
respect to the received signal so as to extract an original 
information signal. Namely, in CDMA communication, a 
communication channel is divided using the spreading 
codes so as to multiplex a plurality of channels. 
[0003] A plurality of spreading codes is included as 25 
spreading codes for use in spread processing due to the 
difference in a code length or generation steps. In the 
spreading codes for use in spread processing, it is fa- 
vorable that there is no correlation therebetween, but 
sometimes there occurs the correlation there between. 30 
[0004] However, in the conventional CDMA commu- 
nication, the following problem exists. 
[0005] Namely, in the case where there is a correla- 
tion between a spreading code, which a certain receiv- 
er's apparatus uses in despread processing, and a 35 
spreading code, which other user uses in spread 
processing, the signal obtained by despread processing 
at the receiver's apparatus is subjected to interference 
by the transmission signal from the other user. This re- 
sults in deterioration of communication quality of the re- 40 
ceiver's apparatus. 

[0006] Particularly, in the case where the receiver's 
apparatus uses a spreading code with a short code 
length (low spreading factor), the communication quality 
of receiver's apparatus is further deteriorated. *5 
[0007] Namely, firstly, the spreading code with a short 
code length often has a correlation to the signal other 
than a desired signal in the case where a delayed wave 
occurs due to the state of a propagation path. Secondly, 
the spreading code with a short code length has a low 50 
capability of canceling interference since the spreading 
factor is low. 

[0008] It is an object of the present invention is to pro- 
vide a radio communication apparatus, which keeps 
communication quality good by simple processing. 55 



Disclosure of Invention 

[0009] It is an object of the present invention is to pro- 
vide a radio communication apparatus, which keeps 
communication quality good by simple processing. This 
object can be attained by changing transmission 
processing and reception processing based on the com- 
munication quality. Namely, this object can be attained 
by changing transmission processing and reception 
processing based on target reception quality values 
such as a target SIR value, target Ec/lor (desired recep- 
tion power/total reception power). More specifically, a 
spreading code, which is to be used in transmission 
processing and reception processing, is set based on 
such communication quality, the presence or absence 
of execution of interference cancellation processing to 
the received signal is set. Moreover, a transmission rate 
of a communication signal is set, or an error correcting 
code, which is to be used in error correcting processing, 
is set, whereby attaining the above object. 

Brief Description of Drawings 

[0010] 

FIG. 1 is a block diagram illustrating the configura- 
tion of a base station apparatus having a radio com- 
munication apparatus according to a first embodi- 
ment of the present invention; 
FIG. 2 is a block diagram illustrating the configura- 
tion of a communication terminal apparatus having 
the radio communication apparatus according to 
the first embodiment of the present invention; 
FIG. 3 is a schematic diagram illustrating one ex- 
ample of a code tree in connection with orthogonal 
variable spreading factors; 
FIG. 4 is a flowchart illustrating the operation of the 
base station apparatus having the radio communi- 
cation apparatus according to the first embodiment; 
FIG. 5 is a block diagram illustrating the configura- 
tion of a base station apparatus having the radio 
communication apparatus according to a second 
embodiment of the present invention; 
FIG. 6 is a schematic view illustrating one example 
of the configuration of an interference canceling ap- 
paratus in the base station apparatus having the ra- 
dio communication apparatus according to the sec- 
ond embodiment of the present invention; 
FIG. 7 is a block diagram illustrating the configura- 
tion of a base station apparatus having a radio com- 
munication apparatus according to a third embodi- 
ment of the present invention; 
FIG. 8 is a flowchart illustrating the operation of the 
base station apparatus having the radio communi- 
cation apparatus according to the third embodiment 
of the present invention; 

FIG. 9 is a block diagram illustrating the configura- 
tion of a base station apparatus having a radio com- 
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munication apparatus according to a fourth embod- 
iment of the present invention; 
FIG. 10 is a block diagram illustrating the configu- 
ration of a communication terminal apparatus hav- 
ing the radio communication apparatus according 
to the fourth embodiment of the present invention; 
FIG. 11 is a block diagram illustrating the configu- 
ration of a base station apparatus having a radio 
communication apparatus according to a fifth em- 
bodiment of the present invention; 
FIG. 12 is a block diagram illustrating the configu- 
ration of a communication terminal apparatus hav- 
ing the radio communication apparatus according 
to the fifth embodiment of the present invention; 
FIG. 13 is a block diagram illustrating the configu- 
ration of a base station apparatus having a radio 
communication apparatus according to a seventh 
embodiment of the present invention; 
FIG. 14 is a flowchart illustrating the operation of 
the base station apparatus having the radio com- 
munication apparatus according to the seventh em- 
bodiment of the present invention; and 
FIG. 15 is a block diagram illustrating the configu- 
ration of a base station apparatus having a radio 
communication apparatus according to a sixth em- 
bodiment of the present invention. 

Best Mode for Carrying Out the Invention 

[001 1] Best mode for carrying out the present inven- 
tion will be specifically explained with reference to the 
drawings accompanying herewith. 

(Embodiment 1) 

[0012] This embodiment explains the case in which a 
spreading code for use in communication is changed 
based on a target SIR value set by a base station appa- 
ratus in CDMA radio communication system that per- 
forms transmission power control between a communi- 
cation terminal apparatus and the base station appara- 
tus. 

[0013] FIG. 1 is a block diagram illustrating the con- 
figuration of a base station apparatus having a radio 
communication apparatus according to a first embodi- 
ment of the present invention. 
[0014] Referring to FIG. 1 , a signal transmitted from 
a communication terminal apparatus is received by a ra- 
dio receiver 1 03 via an antenna 1 01 and a transmission/ 
received signal separator 1 02. A signal (received signal) 
sent from the transmission/received signal separator 
102 is subjected to predetermined radio processing 
such as frequency conversion by the radio receiver 103. 
The received signal subjected to predetermined radio 
processing is despread by a despreader 1 04. It should 
be noted that the spreading code used by the despread- 
er 1 04 is one that is selected by a spreading code se- 
lector 117 to be described later. 



[001 5] The signal despread by the despreader 1 04 is 
subjected to Rake combining by a Rake combiner 1 05. 
The signal subjected to Rake combining is demodulated 
by a demodulator 106. By this modulation, received sig- 

5 nal is output. Moreover, the signal subjected to Rake 
combining is sent to a received SIR value measuring 
section 1 07. The received SIR value measuring section 
107 measures a received SIR value using the signal 
subjected to Rake combining. The received SIR value 

10 measured is sent to an SIR comparator 1 09. 

[0016] The received signal obtained by the demodu- 
lator 106 is sent to a communication quality measuring 
section 1 08. The communication quality measuring sec- 
tion 1 08 measures quality of received data sent from the 

15 demodulator 1 06 and sets a target reception quality val- 
ue (target SIR value in this case) based on the meas- 
urement result. Note that quality of received data can 
be measured by use of BER, FER, or CRC. 
[001 7] The target SIR value set by the commun ication 

20 quality measuring section 108 is held by a target SIR 
value holder 1 1 0. The target SIR value held by the target 
SIR value holder 110 is sent to the SIR comparator 109 
and a target SIR value comparator 116. The SIR com- 
parator 1 09 compares the received SIR value measured 

25 by the received SIR value measuring section 107 with 
the target reception quality value (target SIR value in 
this case) held by the target SIR value holder 1 1 0. Trans- 
mission power control information is generated based 
on the comparison result. It should be noted that trans- 

30 mission power control information is one that instructs 
the communication terminal apparatus to increase/de- 
crease transmission power. This transmission power 
control information is sent to a frame structuring section 
111. 

35 [0018] The target SIR value comparator 116 performs 
a comparison between the target SIR value held by the 
target SIR value holder 110 and a threshold value held 
by a target SIR threshold value holder 115. The com- 
parison result is sent to the spreading code selector 1 1 7. 

40 [0019] The spreading code selector 117 sets a 
spreading code, which the communication terminal ap- 
paratus should use, based on the comparison result 
sent from the target SIR value comparator 1 1 6. Namely, 
in the case where the target SIR value is equal to or less 

45 than the threshold value (i.e., communication quality is 
good), the spreading code, which is currently used by 
the communication terminal apparatus, is set as a 
spreading code, which the communication terminal ap- 
paratus should use. Conversely, in the case where the 

50 target SIR value is greater than the threshold value (i. 
e., communication quality is poor), the spreading code, 
which is different from one that is currently used by the 
communication terminal apparatus, is set as a spread- 
ing code, which the communication terminal apparatus 

55 should use. The method for setting the spreading code 
will be specifically described later. Information (spread- 
ing code information) relating to the set spreading code 
is sent to the frame structuring section 111 and de- 
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spreader 104. 

[0020] Frame structuring section 111 adds transmis- 
sion power control information sent from the SIR com- 
parator 109 and spreading code information sent from 
the spreading code selector 11 7 to the information sig- 
nal, and thereby generates transmission information. 
[0021] Transmission information generated by the 
frame structuring section 111 is subjected to primary 
modulation by a modulator 112 and the resultant is 
spread by the spreader 113. Spread transmission infor- 
mation is subjected to predetermined radio processing 
such as frequency conversion by the radio transmitter 
1 1 4 to be a transmission signal. This transmission signal 
is transmitted to the communication terminal apparatus 
via the transmission/received signal separator 102 by 
the antenna 101. 

[0022] FIG. 2 is a block diagram illustrating the con- 
figuration of a communication terminal apparatus hav- 
ing the radio communication apparatus according to the 
first embodiment of the present invention. 
[0023] Referring to FIG. 2, the signal transmitted from 
the base station apparatus is received by a radio receiv- 
er 203 via an antenna 201 and transmission and recep- 
tion separator 202. A signal (received signal) sent from 
the transmission/received signal separator 202 is sub- 
jected to predetermined radio processing such as fre- 
quency conversion by the radio receiver 203. The re- 
ceived signal subjected to predetermined radio process- 
ing is despread by a despreader 204. 
[0024] The signal despread by the despreader 204 is 
subjected to Rake combining by a Rake combiner 205. 
The signal subjected to Rake combining is demodulated 
by a demodulator 206. By this modulation, received sig- 
nal is output. The received signal is sent to a spreading 
code information extractor 207. 
[0025] The spreading code information extractor 207 
extracts spreading code information using received data 
sent from the demodulator 206. Spreading code infor- 
mation extracted is sent to a spreading code selector 
208. The spreading code selector 20B recognizes a 
spreading code instructed by the aforementioned base 
station apparatus based on spreading code information 
sent from the spreading code information extractor 207. 
The spreading selector 208 instructs a spreading code 
to be used in spread processing to a spreader 210 
based on the recognition result. 
[0026] While, transmission information is subjected to 
primary modulation by a modulator 209. The spreader 
210 spreads transmission information subjected to pri- 
mary modulation using a spreading code instructed by 
the spreading code selector 208. Spread transmission 
information is subjected to predetermined radio 
processing such as frequency conversion by a radio 
transmitter 211 to be a transmission signal. This trans- 
mission signal is transmitted to the base station appa- 
ratus via the transmission/received signal separator 202 
by the antenna 201. 

[0027] Though this is not illustrated, it is needless to 



6 

say that the aforementioned transmission power control 
information is extracted from received data obtained by 
the demodulator 206 and transmission power is control- 
led by the radio transmitter 211 based on this transmis- 

5 sion power control information. 

[0028] An explanation will be next given of a spread- 
ing code setting method with reference to FIG.3. FIG. 3 
is a schematic diagram illustrating one example of a 
code tree in connection with an orthogonal variable 

10 spreading factor. In FIG. 3, C 1 0 represents the zeroth 
code of code length 1 . Similarly, C 21 and C 4 2 represent 
the first code of code length 2 and the second code of 
code length 4, respectively. 

[0029] Here, it is assumed that the communication 
15 terminal apparatus uses spreading code C 41 . As ex- 
plained above, in the case where the target SIR value 
is greater than the threshold value, the spreading code, 
which the communication terminal apparatus should 
use, is changed. The changing method can be ex- 
plained as follows: 

[0030] Namely, in the case where the other codes 
(C 4 0 , C 4 2 or C 4 3 ) having the same code length (spread- 
ing factor) as that of the current spreading code is not 
used in other communication and is usable in the corre- 
sponding communication terminal apparatus (first 
case), this code is selected. 

[0031] According to this selection, in the case where 
there is a correlation between the spreading code, which 
the despreader 104 currently uses, and the spreading 
code used by the other user, and this causes the signal 
obtained by the despread processing in the despreader 
1 04 is subjected to interference of the transmission sig- 
nal from the other user. The changing a spreading code 
in despreader 104 to the aforementioned spreading 
code, increases a possibility that the above factor will 
be solved. As a result, the quality of the signal resulting 
from the despread processing by the despreader 1 04 
becomes good. 

[0032] In the case other than the first case (namely, 
the other code having the same code length as that of 
the current spreading code is used in other communi- 
cation or is not usable in the corresponding communi- 
cation terminal apparatus), a code (C 8 2 or C 8 3 ), which 
has a longer code length than of the current spreading 
code and which is derived from the current spreading 
code, is selected. 

[0033] According to this selection, the following effect 
can be obtained in addition to the effect that is obtained 
by the first case. More specifically, since the spreading 
code changed in the despreader 104 becomes the 
spreading code with a long code length, a possibility is 
reduced that the spreading code changed in the de- 
spreader 1 04 has the correlation to the signal other than 
the desired signal and the capability of canceling inter- 
ference is reduced. As a result the quality of the signal 
resultant from despread processing by the despreader 
104 becomes good. 

[0034] In the case where a reduction in an information 
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transmission rate using the spreading code with a long 
code length is not permitted, multi-code transmission 
using two spreading codes (C 82 , C 83 ) may be per- 
formed. The above has explained the method for setting 
the spreading code. 

[0035] An explanation will be next given of the oper- 
ation of the radio communication apparatus according 
to this embodiment with reference to FIG. 4. FIG. 4 is a 
flowchart illustrating the operation of the base station 
apparatus having the radio communication apparatus 
according to the first embodiment. 
[0036] Referring to FIG. 4, in step (hereinafter re- 
ferred to as "ST") 401 , a target SIR value is obtained. In 
ST402, a comparison between the target SIR value and 
the threshold value is performed. In the case where the 
target SIR value is equal to or less than the threshold 
value (communication quality is good), processing is 
ended. While, in the case where the target SI R value is 
greater than the threshold value (communication quality 
is poor), processing goes to ST403. 
[0037] In ST403, it is determined whether or not the 
use of the spreading code with the same spreading fac- 
tor (code length) as that of the current spreading code 
is possible. If the use of the spreading code with the 
same spreading factor is possible, processing goes to 
ST404. If the use of the spreading code with the same 
spreading factor is not possible, processing goes to 
ST405. In ST404, the same spreading code with the 
same code length as that of the current spreading code 
is set and processing is ended. In ST405, the spreading 
code with a longer spreading code length than that of 
the current spreading code is set and processing is end- 
ed. 

[0038] Thus, according to this embodiment, the com- 
munication quality is detected using the target SIR, and 
the spreading code for use in spread processing is 
changed based on the detected communication quality. 
This makes it possible to prevent interference from be- 
ing caused by the transmission signal from the other us- 
er in the signal obtained from the despread processing 
so that the communication quality can be maintained 
good. 

[0039] Additionally, this embodiment explained the 
case in which there was the correlation between the 
spreading code, which was used by the despreader 1 04, 
and the spreading code, which was used by the other 
user. This embodiment also explained the case in which 
the target SIR was used as an index for detecting dete- 
rioration of communication quality caused by code 
length of the spreading code used by the spreader 1 04. 
However, the present invention is not limited to the 
above cases. The present invention can be applied to 
the case of using other index (BER and the like), which 
can detect deterioration of communication quality 
caused by the above factor. 

[0040] The inventors of the present invention paid at- 
tention to the use of delayed wave characteristic of the 
received signal as an index for detecting deterioration 



of communication quality. In this case, the delayed wave 
characteristic of communication terminal apparatus 
drastically varies with movement of the communication 
terminal apparatus. Then, they focused attention on the 

5 point that a load taken on processing was increased and 
the point that it was unclear what influence the delayed 
wave characteristic of the received signal directly exert- 
ed upon the quality of communication. 
[0041] While, the target SIR does not vary so drasti- 

10 cally as compared with the delayed wave characteristic. 
Accordingly, the use of target SIR as an index makes it 
to suppress the load on spreading code change 
processing. Namely, the communication quality can be 
maintained good by simple processing. Moreover, the 

15 target SIR is a parameter that directly relates to the com- 
munication quality, and the use of target SIR as an index 
makes it possible to maintain the communication quality 
efficiently. Still moreover, even in a case where a target 
Ec/lor (desired reception power/total reception power) 

20 is used as an index, the same effect as the case using 
the target SIR can be obtained. Note that any index can 
be used if the index is equivalent to the signal to inter- 
ference ratio as well as the target SIR and target Ec/lor. 
[0042] Moreover, the inventors of the present inven- 
ts tion paid attention to the use of influence provided from 
the other communication system as an index for detect- 
ing deterioration of communication quality. In this case, 
the output (peak) of a correlator used in despread 
processing is observed in order to detect the influence 

30 from the other communication system. However, even 
if the peak is detected at the output of correlator, it can- 
not be determined whether the detected peak is derived 
from the delayed wave of desired signal or the transmis- 
sion signal of other user. Accordingly, the inventors 

35 found out that the communication quality of such BER 
and the like were resultantly required. 
[0043] Though FIGS. 1 and 2 illustrate only the con- 
figuration of one user, it is needless to say that this em- 
bodiment can be applied to the plurality of users. 

40 [0044] Moreover, this embodiment explained the case 
in which the base station apparatus selected the spread- 
ing code based on the communication quality. However, 
the present invention is not limited to this case, and can 
be applied to the case in which the communication ter- 

45 minal apparatus selects the spreading code based on 
the communication quality. 

(Embodiment 2) 

so [0045] This embodiment will explain the case in which 
an interference canceling apparatus is operated based 
on a target SIR value set by the base station apparatus 
in spreading code CDMA radio communication system 
that performs transmission power control between the 

55 communication terminal apparatus and the base station 
apparatus. 

[0046] FIG. 5 is a block diagram illustrating the con- 
figuration of a base station apparatus having the radio 
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communication apparatus according to a second em- 
bodiment of the present invention. In FIG. 5, the same 
reference numerals as those of FIG. 1 are added to the 
same components as those of Embodiment 1 (FIG. 1), 
and the specific explanation is omitted. 5 
[0047] Referring to FIG. 5, similar to Embodiment 1 , 
a comparison between the target SIR value held by the 
target SIR value holder 1 1 0 and the threshold value held 
by the target SIR threshold value holder 115 is per- 
formed by the target SIR value comparator 116. The *o 
comparison result is sent to an interference canceling 
apparatus 501. 

[0048] The Interference canceling apparatus 501 pro- 
vides interference cancellation processing to the prede- 
termined-processing processed received signal from is 
the radio receiver 103. Namely, in the case where the 
target SIR value is less than the threshold value (i.e., 
communication quality is good), no interference cancel- 
lation processing is provided to the received signal. In 
this case, the received signal from the radio receiver 1 03 20 
is sent to the despreader 1 04 similar to Embodiment 1 . 
[0049] Conversely, in the case where the target SIR 
value is greater than the threshold value (i.e., commu- 
nication quality is poor), interference cancellation 
processing is provided to the received signal. In this 25 
case, the received signal from the radio receiver 103 is 
sent to not the despreader 1 04 but the interference can- 
celing apparatus 501 . The received signal subjected to 
interference cancellation processing by the interference 
canceling apparatus 501 is sent to the demodulator 1 06. 30 
The interference canceling apparatus 501 will be ex- 
plained with reference to FIG. 6. 
[0050] FIG. 6 is a schematic view illustrating one ex- 
ample of the configuration of the interference canceling 
apparatus in the base station apparatus having the radio 35 
communication apparatus according to the second em- 
bodiment of the present invention. Referring to FIG. 6, 
an input signal (received signal from the radio receiver 
103) is buffered by a delay section 601 while being de- 
spread for each path by a despreader 602, and a chan- *o 
nel estimation is made by a channel estimator 603. 
[0051] The received signals, which are despread for 
each path, are combined by an adder 604. The signals 
combined by the adder 604 are subjected to symbol 
temporary decision by a temporary deciding section 45 
605. The symbol subjected to temporary decision is mul- 
tiplied by the channel estimation by a multiplier 606. 
Then, the resultant is re-spread by a re-spreader 607 to 
produce a replica signal, and the replica signal is re- 
moved from the received signal buffered by the delay so 
section 601 . The re-spread replica signal is stored in a 
replica buffer 608. 

[0052] The received signal from which the replica sig- 
nal is removed is used as an input signal again. This 
input signal is added to the replica signal generated in 55 
the previous stage, and despreading, temporary deci- 
sion, and replica generation are provided to the resultant 
signal similar to the above. 
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[0053] The repetition of aforementioned processing 
makes it possible to extract the corresponding signal ac- 
curately and to demodulate the signal accurately. Note 
that the interference canceling apparatus shown in FIG. 
6 is one example, and the interference canceling appa- 
ratus of the other system may be used. For example, 
such an apparatus that provides interference cancella- 
tion to the plurality of users may be used. 
[0054] Thus, according to this embodiment, the com- 
munication quality is detected using the target SIR, and 
interference cancellation processing is provided to the 
received signal based on the detected communication 
quality, making it possible to reduce interference caused 
by the transmission signal from the other user in the sig- 
nal obtained by despread processing. Accordingly, this 
allows the communication quality to be maintained 
good. 

[0055] Moreover, this embodiment explained the case 
in which the base station apparatus performed interfer- 
ence cancellation processing to the received signal 
based on the communication quality. However, the 
present invention is not limited to this case, and can be 
applied to the case in which the communication terminal 
apparatus performs interference cancellation process- 
ing to the received signal based on the communication 
quality. 

(Embodiment 3) 

[0056] This embodiment will explain the case in which 
the spreading code used in communication is changed 
and an interference canceling apparatus is operated 
based on a target SIR value set by the base station ap- 
paratus in spreading code CDMA radio communication 
system that performs transmission power control be- 
tween the communication terminal apparatus and the 
base station apparatus. 

[0057] FIG. 7 is a block diagram illustrating the con- 
figuration of a base station apparatus having a radio 
communication apparatus according to a third embodi- 
ment of the present invention. In FIG. 7, the same ref- 
erence numerals as those of FIG. 1 or FIG. 2 are added 
to the same components as those of Embodiment 1 
(FIG. 1 ) or Embodiment 2 (FIG. 5), and the specific ex- 
planation is omitted. FIG. 8 is a flowchart illustrating the 
operation of the base station apparatus having the radio 
communication apparatus according to the third embod- 
iment of the present invention. 
[0058] Referring to FIGS. 7 and 8, in ST801 , a target 
SIR value is obtained. In ST802, a comparison between 
the target SIR value and the threshold value is per- 
formed. In the case where the target SIR value is equal 
to or less than the threshold value (communication qual- 
ity is good), processing is ended. While, in the case 
where the target SIR value is greater than the threshold 
value (communication quality is poor), processing goes 
to ST803. 

[0059] In ST803, it is determined whether or not the 
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use of the spreading code with the same spreading fac- 
tor (code length) as that of the current spreading code 
is possible, if the use of the spreading code with the 
same spreading factor is possible, processing goes to 
ST804. 

[0060] Next, when the use of the above spreading 
code is not possible, it is determined whether or not the 
use of the spreading code with a code length longer than 
as that of the current spreading code is possible. In the 
case where the use of the above spreading code is pos- 
sible, processing goes to ST804. In the case where the 
use of the above spreading code is not possible or the 
use of the above spreading code is possible but the re- 
duction in the transmission rate is not allowed, process- 
ing goes to ST805. 

[0061] In ST804, the spreading code explained in Em- 
bodiment 1 is set by the spreading code selector 117. 
In ST805, interference cancellation processing as ex- 
plained in Embodiment 2 is performed by the interfer- 
ence canceling apparatus 501 . 
[0062] Thus, according to this embodiment, the com- 
munication quality is detected using the target SIR and 
the spreading code to be used in spread processing is 
changed based on the detected communication quality, 
making it possible to prevent interference from being 
caused by the transmission signal from the other user 
in the signal obtained by despread processing. Accord- 
ingly, this allows the communication quality to be main- 
tained good. Moreover, in the case where the change in 
the spreading code to be used in the spread processing 
is not possible or the change is possible but the reduc- 
tion in transmission rate is not allowed, interference can- 
cellation processing is provided to the received signal. 
This makes it possible to reduce interference caused by 
the transmission signal from the other user in the signal 
obtained by despread processing. Accordingly, this al- 
lows the communication quality to be maintained good. 
[0063] Moreover, this embodiment explained the case 
in which the base station apparatus performed interfer- 
ence cancellation processing to the received signal 
based on the communication quality. However, the 
present invention is not limited to this case, and can be 
applied to the case in which the communication terminal 
apparatus sets the spreading code and performs inter- 
ference cancellation processing to the received signal 
based on the communication quality. 

(Embodiment 4) 

[0064] This embodiment will explain the case in which 
the transmission rate is changed based on a target SIR 
value set by the base station apparatus in spreading 
code CDMA radio communication system that performs 
transmission power control between the communication 
terminal apparatus and the base station apparatus. 
[0065] FIG. 9 is a block diagram illustrating the con- 
figuration of a base station apparatus having a radio 
communication apparatus according to a fourth embod- 
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iment of the present invention. In FIG. 9, the same ref- 
erence numerals as those of FIG. 1 are added to the 
same components as those of Embodiment 1 (FIG. 1), 
and the specific explanation is omitted. 

5 [0066] Referring to FIG. 9, similar to Embodiment 1 , 
a comparison between the target SIR value held by the 
target SIR value holder 1 1 0 and the threshold value held 
by the target SIR threshold value holder 115 is per- 
formed by the target SIR value comparator 116. The 

io comparison result is sent to a transmission rate selector 
901. 

[0067] The transmission rate selector 901 selects a 
transmission rate based on the comparison result sent 
from the target SIR value comparator 116. Namely, in 

15 the case where the target SIR value is equal to or less 
than the threshold value (communication quality is 
good), a transmission rate with a normal value is select- 
ed. While, in the case where the target SIR value is 
greater than the threshold value, a transmission rate 

20 with a reduced normal value is selected. Information 
(transmission rate information) relating to the selected 
transmission rate is sent to the frame structuring section 
111 and a despreader 902 to be described later. 
[0068] The frame structuring section 111 adds trans- 

25 mission power control information sent from the SIR 
comparator 1 09 and transmission rate information sent 
from the transmission rate selector 901 to the informa- 
tion signal , generates transmission information. 
[0069] The despreader 902 recognizes the transmis- 

30 sion rate based on transmission rate information sent 
from the transmission rate selector 901. Moreover, 
spread processing using the spreading code corre- 
sponding to the recognized transmission rate is per- 
formed. Namely, when the transmission rate is reduced, 

35 despread processing using the spreading code with a 
longer code length is performed. 
[0070] FIG. 1 0 is a block diagram illustrating the con- 
figuration of a communication terminal apparatus hav- 
ing the radio communication apparatus according to the 

40 fourth embodiment of the present invention. In FIG. 10, 
the same reference numerals as those of FIG. 2 are add- 
ed to the same components as those of embodiment 1 
(FIG. 2), and the specific explanation is omitted. 
[0071] Referring to FIG. 1 0, a transmission rate infor- 
ms mation extractor 1001 extracts transmission rate infor- 
mation using received data sent from the demodulator 
206. The extracted transmission rate information is sent 
to a transmission rate controller 1 002 and a spreading 
code selector 1003. 

so [0072] The transmission rate controller 1002 recog- 
nizes the transmission rate instructed by the base sta- 
tion based on the transmission rate information sent 
from the transmission rate information extractor 1001. 
The transmission rate in the modulator 209 is controlled 

55 based on the result of recognition. Namely, in the case 
where the transmission rate is reduced, despread 
processing using the spreading code with a long code 
length is carried out. 
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[0073] The spreading code selector 1 003 recognizes 
the transmission rate instructed by the base station 
based on the transmission rate information sent from the 
transmission rate information extractor 1001. An in- 
struction of spreading code to be used in spread 5 
processing is provided to the spreader 21 0 based on the 
result of recognition. Namely, the spreading code selec- 
tor 1003 instructs the spreader 21 0 to use the spreading 
code (spreading code with a longer code length when 
the transmission rate is reduced) corresponding to the 
transmission rate. 

[0074] Thus, in the case where the target SIR value 
is greater than the threshold value (communication 
quality is poor), the transmission rate of information is 
reduced and the spreading code to be used is changed 
to the spreading code with a long code length and a high 
spreading factor. As a result, since the spreading code 
changed in the despreader 902 becomes the spreading 
code with a long code length, a possibility is reduced 
that the spreading code changed in the despreader 902 
has the correlation to the signal other than the desired 
signal and the capability of canceling interference is in- 
creased. Accordingly, the quality of the signal obtained 
from despread processing in the despreader 902 be- 
comes good. Moreover, the use of spreading code with 
a long code length in the spreader 210 can reduce trans- 
mission power in the radio transmitter 211 . This makes 
it possible to decrease interference given to the other 
user by the communication terminal apparatus. 
[0075] Thus, according to this embodiment, the com- 
munication quality is detected using the target SIR and 
the transmission rate and spreading code are changed 
based on the detected communication quality. This 
makes it possible to prevent interference from being 
caused by the transmission signal from the other user 
in the signal obtained by despread processing and re- 
duce interference given to the other user. Accordingly, 
the communication quality can be maintained good. 
[0076] Moreover, this embodiment explained the case 
in which the base station apparatus set the transmission 
rate based on the communication quality. However, the 
present invention is not limited to this case, and can be 
applied to the case in which the communication terminal 
apparatus sets the transmission rate based on the com- 
munication quality. 

(Embodiment 5) 

[0077] This embodiment will explain the case in which 
error correcting processing is performed based on a tar- 
get SIR value set by the base station apparatus in 
spreading code CDMA radio communication system 
that performs transmission power control between the 
communication terminal apparatus and the base station 
apparatus. 

[0078] FIG. 11 is a block diagram illustrating the con- 
figuration of a base station apparatus having a radio 
communication apparatus according to a fifth embodi- 
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ment of the present invention. In FIG. 11 , the same ref- 
erence numerals as those of FIG. 1 are added to the 
same components as those of Embodiment 1 (FIG. 1), 
and the specific explanation is omitted. 
[0079] Referring to FIG. 1 1 , received data obtained by 
the demodulator 1 06 is subjected to error correcting de- 
coding by an error correcting decoder 1101. Received 
data subjected to error correcting decoding is sent to the 
communication quality measuring section 108. The er- 
ror correcting code, which is used by the error correcting 
decoder 1 1 01 , is selected by an error correcting selector 
1102 to be described later. 

[0080] Similar to Embodiment 1 , a comparison be- 
tween the target SIR value held by the target SIR value 
holder 110 and the threshold value held by the target 
SIR threshold value holder 115 is performed by the tar- 
get SIR value comparator 116. The comparison result 
is sent to the error correcting selector 1102. 
[0081] The error correcting selector 1102 selects an 
error correcting code to be used by the communication 
terminal apparatus based on the comparison result sent 
from the target SIR value comparator 116. Namely, in 
the case where the target SIR value is equal to or less 
than the threshold value (i.e., communication quality is 
good), a normal error correcting code (e.g., convolution- 
al code) is selected as a spreading code to be used by 
the communication terminal apparatus. Conversely, in 
the case where the target SIR value is greater than the 
threshold value (i.e., communication quality is poor), an 
error correcting code (e.g., Turbo code) with a higher 
error correcting capability than that of the normal error 
correcting code is selected as a spreading code to be 
used by the communication terminal apparatus. Infor- 
mation (error correcting code information) relating to the 
set error correcting code is sent to the frame structuring 
section 111 and error correcting decoder 1101 . 
[0082] The frame structuring section 111 adds trans- 
mission power control information sent from the SIR 
comparator 109 and error correcting code information 
sent from the error correcting code selector 11 02 to an 
information signal, and generates the resultant as trans- 
mission information. 

[0083] It should be noted that error correcting decod- 
ing is provided to a signal subjected to Rake combining 
by the Rake combiner 1 05, making it possible to use 
such an error correcting system that resultantfy obtains 
a demodulation result. 

[0084] FIG. 1 2 is a block diagram illustrating the con- 
figuration of a communication terminal apparatus hav- 
ing the radio communication apparatus according to the 
fifth embodiment of the present invention. In FIG. 12, 
the same reference numerals as those of FIG. 2 are add- 
ed to the same components as those of Embodiment 2 
(FIG. 2), and the specific explanation is omitted. 
[0085] Referring to FIG. 12, an error correcting code 
information extractor 1201 extracts error correcting 
code information using received data sent from the de- 
modulator 206. The extracted error correcting code in- 
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formation is sent to an error correcting coder 1202. 
[0086] The error correcting coder 1 202 recognizes an 
error correcting code selected by the base station ap- 
paratus based on error correcting information sent from 
the error correcting code information extractor 1201. 
Moreover, the error correcting coder 1 202 provides error 
correcting coding using the recognized error correcting 
code to transmission information. Transmission infor- 
mation subjected to error correcting coding sent to the 
modulator 210. 

[0087] Thus, according to the present invention, the 
communication quality is detected using the target SIR 
and the error correcting code is set based on the detect- 
ed communication quality. This makes it possible to re- 
duce interference caused by the transmission signal 
from the other user in the signal obtained by despread 
processing and reduce interference given to the other 
user. Accordingly, the communication quality can be 
maintained good. 

[0088] Moreover, this embodiment explained the case 
in which the base station apparatus set the error cor- 
recting code based on the communication quality. How- 
ever, the present invention is not limited to this case, 
and can be applied to the case in which the communi- 
cation terminal apparatus sets the error correcting code 
based on the communication quality. 

(Embodiment 6) 

[0089] This embodiment will explain the case in which 
error correcting processing is performed and the 
number of iteration in error correcting decode process- 
ing is changed based on a target SIR value set by the 
base station apparatus in spreading code CDMA radio 
communication system that performs transmission pow- 
er control between the communication terminal appara- 
tus and the base station apparatus. 
[0090] FIG. 1 5 is a block diagram illustrating the con- 
figuration of a base station apparatus having a radio 
communication apparatus according to a sixth embodi- 
ment of the present invention. In FIG. 15, the same ref- 
erence numerals as those of FIG. 11 are added to the 
same components as those of Embodiment 5 (FIG. 11), 
and the specific explanation is omitted. 
[0091] Referring to FIG. 15, an error correcting code 
decode controller 1501 performs the same processing 
as that of the error correcting code selector 1 1 02 of Em- 
bodiment 5. Moreover, the number of iteration in the er- 
ror correcting decoding is set based on the comparison 
result sent from the target SIR value comparator 116. 
More specifically, in the case where the target SIR value 
is low, the number of iteration is set to a low value (e.g., 
6th grade). In the case where the target SIR value is 
high, the number of iteration is set to a high value (e.g., 
10th grade), it is needless to say that the characteristic 
of decoding is improved with an increase in the number 
of iteration at the error correcting decoding time. The 
number of iteration thus set is sent to an error correcting 



decoder 1502. 

[0092] Similar to Embodiment 5, the error correcting 
code selector 1502 selects an error correcting code to 
be used by the communication terminal apparatus 
5 based on the comparison result from the target SI R val- 
ue comparator 116. Moreover, in this embodiment, error 
correcting decoding is performed by the number of iter- 
ation sent from the error correcting code decode con- 
troller 1501. 

w [0093] It is needless to say that control of the number 
of iteration of error correcting decoding can be per- 
formed not only when the target SIR value is greater 
than the threshold value (communication quality is poor) 
but also when the target SIR value is equal to or less 

*5 than the threshold value. 

[0094] Thus, according to this embodiment, the com- 
munication quality is detected using the target SIR and 
the error correcting code is set based on the detected 
communication quality. This makes it possible to reduce 

20 interference caused by the transmission signal from the 
other user in the signal obtained by despread process- 
ing and to keep the communication quality good. More- 
over, the number of iteration is changed based on the 
detected communication quality at the error correcting 

25 decoding time, making it possible to keep the commu- 
nication quality good. 

[0095] Moreover, this embodiment explained the case 
in which the base station apparatus changed the 
number of iteration based on the communication quality 

30 at the error correcting decoding time. However, the 
present invention is not limited to this case, and can be 
applied to the case in which the communication terminal 
apparatus changes the number of iteration based on the 
communication quality at the error correcting decoding 

35 time. 

(Embodiment 7) 

[0096] This embodiment will explain the case in which 
40 the change of spreading code to be used in communi- 
cation or the change of error correcting code is per- 
formed based on a target SIR value set by the base sta- 
tion apparatus in spreading code CDMA radio commu- 
nication system that performs transmission power con- 
45 trol between the communication terminal apparatus and 
the base station apparatus. 

[0097] FIG. 13 is a block diagram illustrating the con- 
figuration of a base station apparatus having a radio 
communication apparatus according to a seventh em- 
50 bodiment of the present invention. In FIG. 13, the same 
reference numerals as those of FIG. 1 or FIG. 11 are 
added to the same components as those of Embodi- 
ment 1 (FIG. 1) or Embodiment 5 (FIG. 11), and the spe- 
cific explanation is omitted. FIG. 14 is a flowchart illus- 
55 trating the operation of the base station apparatus hav- 
ing the radio communication apparatus according to the 
seventh embodiment of the present invention. 
[0098] Referring to FIGS. 13 and 14, in ST1401, atar- 
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get SIR value is obtained. In ST1402, a comparison be- 
tween the target SIR value and the threshold value is 
performed. In the case where the target SIR value is 
equal to or less than the threshold value (communica- 
tion quality is good), processing is ended. While, in the 
case where the target SIR value is greater than the 
threshold value (communication quality is poor), 
processing goes to ST1403. 

[0099] In ST1 403, it is determined whether or not the 
use of the spreading code with the same spreading fac- 
tor (code length) as that of the current spreading code 
is possible. When the use of the spreading code with 
the same spreading factor is possible, processing goes 
to ST1404. 

[0100] Next, the use of the spreading code is not pos- 
sible, it is determined that the use of the spreading code 
having a longer code length than that of the current 
spreading code is possible. When the use of the forgo- 
ing spreading code is possible, processing goes to 
ST1404. When the use of the spreading code with the 
same spreading factor is not possible or the use of 
spreading code is possible but the reduction in trans- 
mission rate is not allowed, processing goes to ST1 405. 
[0101] In ST1404, the spreading code as explained in 
Embodiment 1 is set by the spreading code selector 1 1 7. 
In ST 1405, the error correcting code as explained in 
Embodiment 5 is selected by the error correcting code 
selector 1102. 

[0102] Thus, according to this embodiment, the com- 
munication quality is detected using the target SIR and 
the spreading code to be used in spread processing is 
changed based on the detected communication quality, 
making it possible to prevent interference from being 
caused by the transmission signal from the other user 
in the signal obtained by despread processing. Accord- 
ingly, this allows the communication quality to be main- 
tained good/Moreover, in the case where the change in 
the spreading code to be used in the spread processing 
is not possible or the change is possible but the reduc- 
tion in transmission rate is not allowed, the error correct- 
ing code is set based on the detected communication 
quality. This makes it possible to reduce interference 
caused by the transmission signal from the other user 
in the signal obtained by despread processing. Accord- 
ingly, this allows the communication quality to be main- 
tained good. 

[0103] Moreover, this embodiment explained the case 
in which the base station apparatus performed the 
change of spreading code or the change of error cor- 
recting code based on the communication quality. How- 
ever, the present invention is not limited to this case, 
and can be applied to the case in which the communi- 
cation terminal apparatus performs the change of 
spreading code or the change of error correcting code 
based on the communication quality. 
[0104] Still moreover, the radio communication appa- 
ratuses explained in Embodiment 1 to Embodiment 7 
may be combined with one another. 



[0105] Thus, according to the present invention, it is 
possible to provide the radio communication apparatus 
that can keep the communication quality good by simple 
processing. 

5 [01 06] This application is based on the Japanese Pat- 
ent Application No. 2000-094662 filed on March 30, 
2000, entire content of which is expressly incorporated 
by reference herein. 

10 Industrial Applicability 

[01 07] The present invention relates to the radio com- 
munication apparatus used in the mobile radio commu- 
nication system, and is particularly suitable for use in 
15 the filed of radio communication apparatus employed in 
the CDMA mobile radio communication system. 



Claims 

20 

1 . A radio communication apparatus comprising: 

detecting means for detecting a communication 
quality on a radio communication apparatus 

25 targeted for communication; 

transmission processing setting means for set- 
ting transmission processing for said radio 
communication apparatus targeted for commu- 
nication based on the detected communication 

30 quality; 

reception processing means for performing re- 
ception processing corresponding to said set 
transmission processing; and 
transmitting means for transmitting a transmis- 

35 sion signal having information relating to said 

set transmission processing added thereto to 
said radio communication apparatus targeted 
for communication. 

40 2. The radio communication apparatus according to 
claim 1, wherein said transmission processing set- 
ting means sets a spreading code to be used by said 
radio communication apparatus targeted for com- 
munication based on the detected communication 

45 quality, said reception processing means performs 
despreading on a received signal using said set 
spreading code, and said transmitting means adds 
information relating to the selected spreading code 
to the transmission signal. 

50 

3. The radio communication apparatus according to 
claim 1 , wherein said reception processing means 
performs interference cancellation processing on a 
received signal based on the detected communica- 

55 tion quality. 

4. The radio communication apparatus according to 
claim 1 , wherein said transmission processing set- 
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ting means sets a transmission rate to be used by 
said radio communication apparatus targeted for 
communication based on the detected communica- 
tion quality, said reception processing means per- 
forms despreading on a received signal using a 5 
spreading code corresponding to the set transmis- 
sion rate, and said transmitting means adds infor- 
mation relating to the selected transmission rate to 
the transmission signal. 

10 

5. The radio communication apparatus according to 
claim 1 , wherein said transmission processing set- 
ting means sets an error correcting code to be used 
by said radio communication apparatus targeted for 
communication based on the detected communica- 15 
tion quality, said reception processing means per- 
forms error correcting decoding on a received sig- 
nal using the set error correcting code, and said 
transmission means adds information relating to the 

set error correcting code to the transmission signal. 20 

6. The radio communication apparatus according to 
claim 1 , wherein said reception processing means 
performs error correcting decoding on a received 
signal according to the number of interations based 25 
on the detected communication quality. 

7. The radio communication apparatus according to 
claim 1 , wherein said detecting means comprises 
setting means for setting a target reception quality 30 
value based on a quality of a demodulated signal, 
and detects the communication quality based on 

the set target reception quality value. 

8. A radio communication apparatus having extracting 35 
means for extracting information relating to trans- 
mission processing using a signal transmitted from 
another radio communication apparatus targeted 

for communication, and transmitting means for per- 
forming transmission processing based on the ex- *o 
tracted information, 

wherein said another radio communication 
apparatus targeted for communication comprises: 

detecting means for detecting a communication 45 
quality on the radio communication apparatus; 
transmission processing setting means for set- 
ting transmission processing for the radio com- 
munication apparatus based on the detected 
communication quality; 50 
reception processing means for performing re- 
ception processing corresponding to said set 
transmission processing; and 
transmitting means for transmitting a transmis- 
sion signal having information relating to said 55 
set transmission processing added thereto to 
the radio communication apparatus. 



9. The radio communication apparatus according to 
claim 8, wherein said extracting means extracts in- 
formation relating to a spreading code, and said 
transmission means performs spreading on trans- 
mission information using said spreading code. 

10. The radio communication apparatus according to 
claim 8, wherein said extracting means extracts in- 
formation relating to a transmission rate, and said 
transmitting means changes a transmission rate for 
transmission information to said transmission rate, 
and performs spreading on transmission informa- 
tion with said changed transmission rate using a 
spreading code corresponding to said transmission 
rate. 

11. The radio communication apparatus according to 
claim 8, wherein said extracting means extracts in- 
formation relating to an error correcting code, and 
said transmitting means provides error correcting 
code processing to said transmission information 
using said error correcting code. 

12. A communication terminal apparatus comprising: 

detecting means for detecting a communication 
quality on a base station apparatus; 
transmission processing setting means for set- 
ting transmission processing for the base sta- 
tion apparatus based on the detected commu- 
nication quality; 

reception processing means for performing re- 
ception processing corresponding to said set 
transmission processing; and 
transmitting means for transmitting a transmis- 
sion signal having information relating to said 
set transmission processing added thereto to 
the base station apparatus. 

13. A communication terminal apparatus comprising: 

extracting means for extracting information re- 
lating to transmission processing using a signal 
transmitted from a base station apparatus, and 
transmitting means for performing transmission 
processing based on said extracted informa- 
tion, 

wherein said base station apparatus 
comprises : 

detecting means for detecting a communication 
quality on the communication terminal appara- 
tus; 

transmission processing setting means for set- 
ting transmission processing for the communi- 
cation terminal apparatus based on the detect- 
ed communication quality; 
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reception processing means for performing re- 
ception processing corresponding to said set 
transmission processing; and 
transmitting means for transmitting a transmis- 
sion signal having information relating to said 5 
set transmission processing added thereto to 
the communication terminal apparatus. 

14. A base station apparatus comprising: 

10 

detecting means for detecting a communication 
quality on a communication terminal apparatus; 
transmission processing setting means for set- 
ting transmission processing for said commu- 
nication terminal apparatus based on the de- 15 
tected communication quality; 
reception processing means for performing re- 
ception processing corresponding to said set 
transmission processing; and 
transmitting means for transmitting a transm is- 20 
sion signal having information relating to said 
set transmission processing added thereto to 
said communication terminal apparatus. 

15. A base station apparatus comprising: 25 

extracting means for extracting information re- 
lating to transmission processing using a signal 
transmitted from a communication terminal ap- 
paratus, and transmitting means for performing so 
transmission processing based on said extract- 
ed information, 

wherein said communication terminal appara- 
tus comprises: 35 

detecting means for detecting a communication 
quality on the base station apparatus; 
transmission processing setting means for set- 
ting transmission processing for the base sta- 40 
tion apparatus based on the detected commu- 
nication quality; 

reception processing means for performing re- 
ception processing corresponding to said set 
transmission processing; and 45 
transmitting means for transmitting a transmis- 
sion signal having information relating to said 
set transmission processing added thereto to 
the base station apparatus. 

50 

16. A radio communication method comprising the 
steps of: 

detecting a communication quality on a radio 
communication apparatus targeted forcommu- 55 
nication; 

setting transmission processing for the radio 
communication apparatus targeted for commu- 



nication based on the detected communication 
quality; 

performing reception processing correspond- 
ing to said set transmission processing; and 
transmitting a transmission signal having infor- 
mation relating to said set transmission 
processing added thereto to the radio commu- 
n ication apparatus targeted for communication. 

17. The radio communication method according to 
claim 16, wherein said detecting step includes the 
step of setting a target reception quality value based 
on a quality of a modulated signal wherein the com- 
munication quality is detected based on the set tar- 
get reception quality value. 
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